Purpose -The study attempts to investigate the relationship between inventory management and firm performance using a multi-dimensional aspect of inventory management with respect to lean management practices across countries.
Introduction
As globalization deepens and broadens, suppliers are often scattered over the world and logistics spans the various parts of the nations, which heightens supply chain network risks. The risk embedded in supply chain disruptions presents challenges not only in managing a daily operations but also gaining competitive advantages over their counterparts. To mitigate supply chain risks, some companies choose to implement various risk management practices including more safety stock and inventory consignment. This dynamics may add a twist on the impact of lean management on firm performance. In fact, a larger amount of inventory may serve as the buffer to absorb risks between supplier, manufacturer and customers. The U.S. has gone through major restructuring after the financial meltdown in 2008 and the world economy has struggled with economic downturns as seen in the financial fiasco in Greece and European Unions. As a result, inventory in manufacturing sector has piled up and a number of manufacturers went bankrupt or opted for outsourcing significant portion of their business.
Meanwhile, sustainability has emerged as an essential dimension of competition and social responsibility. Sustainability can be understood as management practices to satisfy the needs of the present without compromising the capability of future generations to fulfill their own needs 1) .
Sustainability concerns making processes and operations durable and protects the environment. Lean management facilitates the tenet of sustainability by eliminating wastes both internally and outwardly and by furthering organizational transformation that utilizes resources effectively (Fliedner & Majeske 2010) . Lean management is also grounded in the philosophy to build a management system driven by demand that minimizes the amount of inventory and products at all time. Lean management encompasses eliminations of wastes not only in materials but also in time, movement and processes. Thus, lean management is foundational in achieving sustainability. For example, studies report that lean management helps firms to increase sustainable outcomes in manufacturing (Yang et al. 2011) .
Inventory is an important measure of lean management. Inventory can take up as much as 50% of investment capital for companies in manufacturing and retail industries and thus has always been of inter-est of scholars and practitioners. A number of studies have centered on the optimal level of inventory management. However, a review of the extant literature on inventory management identifies the following research gaps. First, drawing from the lean and inventory management literature, this study uses two reliable measures of lean management: abnormal inventory (ABI) of the firm and the empirical leanness indicator (ELI). ABI embraces the length of inventory days whereas ELI captures the inventory leanness after accounting for economics of scale in inventory management and industry-specific inventory management characteristics. Past studies introduced and used these measures this study argues that using both measures together is a better way to capture the inventory management practices. Second, the aforementioned measures have not been tested in an international context. The effect of lean management practices have not been investigated across countries other than the U.S., Spain, and Greece. Besides, the impact of inventory management on the firm performance may vary depending on the type of performance measures used in the study. The past studies have used either financial or accounting measures of firm performance in investigating the prowess of inventory management, particularly in generalizing the diverse strategic aspect of lean management for firm performance across countries. As such, examining both accounting-and market-based measures makes it conducive to understand the influence of lean management on firms' short-and long-term goals (Lee & Roh 2012) . Countries lay different weights on performance objectives, and it is reported that U.S. firms outperform other countries in accounting-based performance (Ittner et al. 2003) , while Japanese firms show better performance in market-based and long-term performance (Yoder 1994; Merchant & Stede 2007) . Since this study intends to compare the US manufacturing firms with Japanese ones, taking multiple performance measures into consideration is particularly important.
Studies report that the transference of lean system from Japan to the US has been less successful than expected. The reasons are attributed to the fact that lean management demands employees to take the ownership of each process and make efforts to improve business processes every day, epitomized by Kaizan (Fairris & Tohyama 2002) . The implementation of lean system requires the workers to be skillful and versatile in dealing with information, changes, and unusual operations. Workers are supposed to increase their knowledge on the entire operations and assume more responsibilities. Japanese firms motivate their employees to run lean system by providing incentives such as life-time employment and profit-sharing. Cultural difference also explains the gap in lean management practices in Japan and the U.S. In lean management, it is not quality control department or product engineering team but the production team that are responsible for a defect. Each team and its members collectively assume the responsibility for other member's performance (i.e., Jidoka) to attain to the quality standards of the company, which means that each team member becomes responsible for the performance of others. Lean management in Japan revolves around the group interest. However, the US workers are more inclined to put their self-interest above that of the group. Transplanting the lean culture into individualistic atmosphere in the US has met with challenges. Thus, the study expects the presence of divergent performance of lean system in the US and Japan.
This study seeks to investigate the operational relationship between inventory management/lean management and diverse dimensions of firm performance with respect to accounting-and market-based performance in U.S. and Japanese manufacturing firms. Using longitudinal data, the study also examines the historic changes happened in the business.
Theoretical Background of the Study
Prior studies have examined the relationship between inventory leanness and performance (Chen et al. 2005; Demeter & Matyusz 2011; Eroglu & Hofer 2011; Demeter & Matyusz 2011) . There are a few reasons why the relationship is strong. First, lean inventory shrink wastes and costs involved in inventory management, improving a firm's financial performance. Inventory accompanies the interest on money, space, labor, and equipment for warehousing and handling, inventory shrinkage and obsolescence. Second, the implementation of lean management permeates throughout the organization and embed the philosophy of effectiveness into the fabric of an organization and supply chains. Thus, lean management has been introduced as an agent of organizational change and transformation (Womack & Jones 2003) .
A number of studies have delved into the impact of the speed of inventory management of financial performance of firms. Chen et al. (2005 Chen et al. ( , 2007 reported that raw material and work in progress inventories have decreased from 1981 to 2004 and the decrease had a positive impact in stock market returns. After conducting 201 literatures, Kinney and Wempe (2002) found that lean production adoption improves profitability and return on assets. Using a survey of 253 manufacturing firms, Fullerton et al. (2003) found that lean production practices exhibits a positive effect on profitability, return on asset, and cash flow margin. Similarly, Shah and Ward (2003) found the positive relationship between lean production bundles and plant performance from 1575 manufacturing firms. However, a few studies contradict the reported results. In a study of automotive companies, Jayaram et al. (2008) found no significant influence of lean production on profitability and ROA. In a similar context, another study reports that inventory turnover rate has no influence on financial and accounting performance of the firms (Cannon 2008) .
Another stream of research has looked into how the size of inventory is related to firm performance. Examining manufacturing firms from 1981 to 1998, a study finds that Toyota production system has affected inventory management styles broadly and high-performing firms carry less amount of inventories than low-performing firms (Swamidass 2007) . Another study looked at the amount of inventory scaled by sales and examined its relationship with gross profit. Basing on the data from 1980 to 2005, the study found that inventory management positively affect gross profit (Capkun et al. 2009 ). Eroglu and Hofer (2011) investigated the relation by industry after creating a lean management measure that estimates a firm's inventory leanness relative to industry-specific norms after controlling economies of scale. The seminal study the strength and nature of the inventory-performance link differs significantly across industries. Complementarity theory suggests that some activities and practices complements each other and thus tend to be implemented collectively in order to increase the impact of the other (Edgeworth 1881; Milgrom & Roberts 1995; Choi et al. 2008) . For example, human resource management practices such as flexibility job assignments and training workers for multiple jobs go hand in hand and increase employees' productivity (Ichniowski et al. 1995) . Other examples include the relationship between product design and product engineering (Love & Roper 2009), process and product innovation strategies (Mantovani 2006) , information technology and service innovation (Bartel et al. 2007 ). This study argues that the effect of complementary practices in lean management will be larger than that of isolated practice because of the collectively positive synergy of bundled practices.
Lean Management

Inventory
Lean management can be understood as the elimination of wastes, which encompasses various lean practices and tools. Just-in-time and Kanban systems represent the importance of maintaining a necessary inventory only. Such low level of inventory can be maintained when the replenishment of inventories are swiftly done throughout work stations and supply chains. As a result, the study anticipates that there is a complementarity between the amount of inventory management and the speed of replenishment of inventory. Figure 1 
Empirical Design and Methods
Samples and data collection
Manufacturing firms from Japan and the US that SIC ranges from 2000 to 3999 were chosen to conduct the empirical test. The selection of firms is based on a 4-digit SIC and each model will be run by each country (USA and JAPAN). The Sample will also cover all listed firms in U.S. A total of 1643 manufacturers were selected from the two countries for the purpose of this study (see Tables 1  and 2 ). All data for the various indices of performance variables employed in this study were taken from Compact-D World Scope and Research Insight for the period 2007 through 2009. Because the sample is a quasi-panel dataset and there were missing values for some firms and years, we deleted the firms with missing values. Aggregated averages were used to help minimize the effects of any outliers or idiosyncratic variations and thereby to provide a more accurate assessment of the effects of the variables being tested (Lee & Hall 2008 
Description and measurement of variables
Firm Performance: Most previous empirical studies investigating the impact of export and R&D intensity on performance were mostly focused onthe use of a single measure of performance, particularly with respect to accounting-based performance and/or productivity. In order to gain more accurate and generalized results, and to minimize possible weaknesses associated with the used of any singleperformance (Lee & Roh 2012) , this study adopted multi-dimensions of performance measures stemming from accounting-based performance (EBIT based ROAA and ROAS) and market-based performance Key Inventory Management Variables: There exist a number of different approaches to measure inventory management. The appropriate ratios depend on the nature of the study and the use. In line with the main theme of this paper, two key measures for inventory management are adopted for this study.
Empirical Leanness Indicator (ELI): Eroglu and Hofer (2011) proposed ELI as a superior measure of inventory leanness for it takes into consideration the nonlinear relationship between firm size and inventory holdings. Compared to conventional measures such as inventory turnover and average inventory levels, ELI gauges a firm's inventory leanness relative to the industry standard after accounting for economics of scale. ELI is calculated as the error term from the regression model, ln invif 0i 1iif + ifwhere invifthe average of the α α ε firm's total inventories reported at the end of 2009, and Salesifthe total sales volume of firm f in industry i. ELI less than 1 indicates that the firmi is holding less inventory than the firms of similar size (High LEAN) where ELI value greater than 1 means that the firm i is holding more inventory than the firms of similar size (Low LEAN). To check discriminant validity, a correlation matrix was created, as shown in Table 3 . Some items show a correlation above 0.30 and thus the variance inflation factor (VIF) was scrutinized to detect the presence of multicollinearity. All of the VIFs turned out to be below 5, indicating that it does not pose a problem for the regression analysis (Belsley et al. 1980 ). 
Empirical Results and Analysis
Hierarchical OLS regression analysis examines the impact of control variables, ABI, EBI, and the interaction between ABI and EBI on firm performance. Tables 4-(a) is for the U.S. firms 4(b) for Japanese firms. From the tables for the U.S. and Japanese SMEs, all regression models were highly significant (p < .01 except ROAE in the U.S. firms), indicating that the multiple regression models were useful in exploring the major determinants of firm performance in manufacturing firms across the U.S and Japan. In addition, most models including ABI and ELI and the interaction between them are useful for exploring the simultaneous effect of lean inventory management on the firm performance. With other business strategy factors held constant, the firm's lean inventory management has significant impacts on improving or decreasing the firm's performance across performance measures.
The first hypothesis addresses the relationship between inventory amount and firm performance. Under the umbrella of lean management, inventory is regarded a form of wastes and thus the hypothesis expected the negative relationship between ELI and firm performance. ELI of Japanese manufacturers showed a negative association with accounting performance measures such as ROA and ROS. Its impact is stronger than ABI. However, for Tobin's q and market value, market based measures, ELI turned out to have no impact. The result seems to indicate that in Japan high level of inventory indeed negatively influences the accounting flows of business but the stock valuehas little to do with the amount of inventory. The US manufactures, however, exhibit strong positive impact of ELI on firm performance across accounting and market measures. The coefficients are three to five times greater than those of ABI in magnitude. The impacts are greater for market performance measures. The interpretation is that the higher the inventory amount is, the greater the firm performance is. The analysis result contradicts the hypothesis. One interpretation is that the US manufacturers may view the amount of the inventory as a positive ground for better performance and stakeholders in the US also regard it as an indicator of good performance. As the lean inventory management has been widely implemented in business, the amount of inventory may now serve as a pointer to a strong fundamental for active business and performance.
The second hypothesis concerns the positive relationship between the speed of inventory management and firm performance. The fast turnover over of inventory shows that the business is moving rapidly and growing fast. Usually, fast inventoryturnover is related to high volume of sales. As the smaller ABI indicates the faster inventory management speed, this study predicts negative sign of the coefficient. The US manufacturers, however, turn out to have positive relationship between ABI and their performance, although the magnitude is relatively smaller than that of ELI. In Japanese manufacturing context, ABI seem to have no significant impact on firm performance except for ROS. Invariably, the relationship is positive, meaning that the longer the inventory management cycle is, the better the performance.
The third hypothesis was that complementarity between the lean inventory management and the speed of inventory management cycle exists. The less amount of inventory is carried and the faster the cycle of inventory management is, the better firm performance. The analyses results show that the complementarity between the amount and the speed of inventory does exist. This is especially true for Japanese manufacturers. Except for Tobin's q, the sign of interaction Step 1 Step 2 Step 3 V.I.F .
Step 1 Step 2 Step 3 V.I.F.
Step 1 Step 2 Step 3 V.I.F. Step 1 Step 2 Step 3 V.I.F.
Step 1 Step 2
Step 3 V.I.F.
Step 1 Step 2 Step 3 V.I.F. term coefficient is negative, suggesting that when the amount of inventory increases and it stays longer in a firm, market values, ROS, and ROA suffers. The two elements are complementing each other to bring positive outcomes to the accounting and financial values. However, Tobin's q seems to be indifferent to this complementarity in inventory management setting in Japanese manufacturers. For the case of US manufacturing firms, this complementarity holds true for market value only. The coefficient of the interaction term is negative. This coefficient is particularly interesting because the individual coefficient of ELI and ABI on market value is positive but the interaction term is negative. Individually the amount and speed of inventory management may contradict the conventional notion that lean management increases the firm performance. When the amount of inventory increases due to low inventory turnover, market value suffers as a result. For the case of the US manufacturers, however, the results are mixed. the interaction has no significant impact on ROA and its impact on market value is negative. Further, the positive significant coefficient of the interaction effect on ROS and Tobin's q again challenges the conventional notion about the complementarity. According to the results, the larger amount of inventory and the longer stay of inventory in firm will bring in higher ROS and Tobin's q. The reason for this has to be sought out further.
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Conclusion
Inventory has drawn the attention of practitioners and scholars for its importance in business. It is one of the most expensive assets that take up to 50% of total invested capital. Although it is an asset, it is a liability for the business because it causes much cost in the form of warehousing, material handling, insurance, obsolescence and the like. Despite the costs and disadvantages associated with insurance, inventory offers many advantages and leeway for business to operate. It protects against uncertainties in demand, supply, lead times, and schedule changes, and accurate record keeping enables firms to take discounts for the firms. The rise of Japanese manufacturing firms in 1970s and 1990s can be contributed, in part, to the lean management that slashed the amount and cycle of inventory drastically. As a result, firms have attempted to learn lean management practices from Japan, a boom was rising in the USA to implement lean methods such as just in time.
The major findings of our study suggest that the complementarity between the amount and speed of inventory management exists in US and Japanese manufacturers. If the amount and speed of inventory are managed lean, it leads to positive accounting and financial results, especially in Japanese manufacturing firms. However, in the US, the complementarity seems to be weak. Tobin's q and ROS showed positive relationship with the interaction term. In addition, the individual impact of lean inventory management and speedy inventory turnover contradicted the conventional wisdom about the lean management.
The contribution of this paper is three fold. First, the study employed two validated lean management index to explore the relationship between lean management and firm performance. ELI and ABIare independently developed, and yet they have not been applied together although one measures the amount of inventory and the other the speed of inventory management. Second, the study finds the international variance among lean management practices and their impact on organizational outcomes. The past studies mainly dealt with the US firms and extrapolated the implications from the results. While this study confirms the positive relationships in general, different pattern of the relationship between the US and Japanese firms emerges. The complementarity between the speed and the amount of inventory management works stronger in Japanese firms than the US firms. The third contribution of this study is the use of diverse performance variables. Different from the previous studies, the current study look into accounting and market performance outcomes.
Generalizing from this study requires caution. One of the limitations of this study is that other factors than those examined can affect the performance of a corporation. Some scholars have noted the difficulty in comparing and predicting the magnitude and direction of accounting differences in financial profitability, as in the ROA and ROE of the United States and Japan. In addition, the study included mostly publicly traded large companies of the world's leading countries. Although our study discloses the variations among different industry contexts, the firm size effect (e.g., small vs. medium or large companies) is not examined.
